BDD-Driven First-Order Satisfiability Procedures (Extended Version) by Déharbe, David & Ranise, Silvio
HAL Id: inria-00071955
https://hal.inria.fr/inria-00071955
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
BDD-Driven First-Order Satisfiability Procedures
(Extended Version)
David Déharbe, Silvio Ranise
To cite this version:
David Déharbe, Silvio Ranise. BDD-Driven First-Order Satisfiability Procedures (Extended Version).









   



















ap por t  
de  r ech er ch e 
THÈME 2
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
BDD-Driven First-Order Satisfiability Procedures
(Extended Version)
David Déharbe — Silvio Ranise
N° 4630
Novembre 2002
Unité de recherche INRIA Lorraine
LORIA, Technopôle de Nancy-Brabois, Campus scientifique,
615, rue du Jardin Botanique, BP 101, 54602 Villers-Lès-Nancy (France)














¼ ps¸²³½¾k¿u^ly|ª{ws+baaµ ¼ b3{p6+pH|~bXw»|lm`ªnqbXubat)^k{lqHzb3up®tp6+b ¼ l°u^¦|z{t)^¿lm¶·tznmulqba| ¼ ^{p6|bwslm`Àlq|upªt)^{bat)¸ªu^{boºwsnmlylmu}·px£	zklqsba|wxnqnm}·Hz{wskHulm¬{baX£¨ps`fznywxb ¼ lmu^¯wxlmu)wx}cJpApsnqbawsk|~uz{t©uzb`ªpAznmpwxk¯bL6z+wulqpsk+wxnu^b(p6}6³¤¹¤z¤wsp6w6t)^?t(ps`lmk{ba|vÁÂjÂ¤| ¼ lmu^\b£¨zu)wulmp6k¯u^bapsb(`{pAlqkr{³]^b!£¨ps`ªb(wsnmnqp ¼ |oz{|"up<tp6`ª{wstunq}<b(ba|b(kHuou^{b·+pAp6nmbLwxkW|uz+tuz{b!ps££¨p6`znywxbsµu^bnqwxu~ubacup»b±²batulm6b(nq}W`ªbat)^{wsklmÃabXu^b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ba+p6~u!|~p6`ªb
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b±²psu| ¼ ^lqt)^\t(psk¬+`Jpxu^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½­uly| ¼ b(nqn¸Akp ¼ kfu^{wuJb(lqkrowx{nmbupjbaw6|~p6kflqkc¬{|~u~©­ps)ba	nqpsr6lqt ¼ lmu^ªbaHz{wsnmlmu}ly|w"tz{tlywxnAu)ws|¸lqk`!wskH}fsb(lm¬+t(wxulqpskfb(±Jp6~u)|(³76p6 bÅwx`ªnqbsµ6l°uNtawxkc+b|^p ¼ k98 :¯;=<>u^{wu u^bpsnqb(`px£Jt)^{bat)¸Almk{ru^b|wuly|~¬+wxlqnql°u}3px£	u^b"ub(`ª+p6wsn£¨ps`fz{nqw?@Ñ¥ ¼ ^b(b@ ly|wxk?b(ÅA{bL||lmp6kXps£#¬{)|~u~©­ps)b(nqpsr6lqtL«A}?w·|}A|~uba`BA ly|bL6z{lmwxnqb(kHuup!¬{k{<wª£¨ps`fznywC@ED	|a³ uL³F@GD%ly|ba|b(sbLXA}?wxkA}?tps`ªzuwulmp6k{wxn
|~ubaXps£HA.¥÷lT³ bs³lmulq|wskXlqk{z{tulqsbjlmkAwxlqwskHups£IA«wxk{J@ D lq`ªnmlqba|@f³ ½¾k3Jpxu^taws|ba|aµ ¼ b¤k{b(baXupt)^{bat)¸cu^b"wxnqlyl°u}Xpx££¨p6`znqwsb¤ps£¬{)|u©Dp6b(nmp6rslytx³]%pªJbj{w6tulyt(wsnTµAwxnqn²u^{b¤6b(l°¬+tawulmp6kXb±²psu|
¼ ^{lqt)^¦rsbakb()wub3pApx£§©­psnqlqr6wulmp6k{| ¼ ^{p6|bwsnmlylmu} b(kHuwslmny|!w®tba~u)wxlqk¿psJb(u}WbLHzlmb?w^{lmr6^b(rsb(bps£wxzups`!wulmp6k³#´vk£¨psuzk+wubanm}6µ6{pAlylmk{r"u^bvw6baHz{wxubnqb(6b(n{ps£wxzups`!wulmp6kcly|wo)wu^b(
l°¶·tz{n°uou)ws|¸J³!]^ly|oly|o|~p£¨p6o`ªwslmk{nm}<u ¼ pbLws|psk{|a³K6#lq)|uLµ#p6`ªwslmk®|+bLtlm¬+tªbLws|psklqkr3lq|ops£§ubakk{batbL||wx}s³I:\wskH}·batlywsnmbju^b(p6lqba|"¥÷wsk{3+pH||lm{nm}!u^b(lqtp6`flqk{wxulqpsk+«N£¨psJpxu^`ªpbanmlqkrcu^b
|}|ub(`Ñwxk+·|~Jbat(l°£¨}Alqkrflmu|Jb(^{wºAlqpswxbvtp6`c`ªp6knm}ªz{|ba<¥¨bs³ r{³Hu^bu^b(p6lqba|1px£nqlq|~u|aµwxwº}|aµswxk+
NbL|~z{r6b(wslmu^{`cb(ulyta«³ AbLtp6k{µ lqk6ub(r6wxulqkr<p6`ªwslmk|~Jbat(l°¬+t3baws|psk{lmkr ¼ lmu^`ªpsbXrsbakb(lytbaz{tulqsb3uw6|~¸|¥÷|z{t)^w6|^+wxk{nqlqkr\u^b?p6+pH|~lmulqpsk+wxn1|~uz{tuzb3ps£u^{b3£¨p6`znywxbL«lq|ªt(z{t(lqwsnT³
6{psbÅwx`ªnqbsµ p6k®u^bpskb3^{wxk+ ¼ bX^{wºsb!£¨p6`znywxb ¼ lmu^¦6z{l°ub3w<t(ps`ªnqbÅ®+pAp6nmbLwxk¿|~uz{tuzbbak{tplqkrXu^bªtp6k6up6n%Ç+p ¼ px£1w3|~}|~ub(`?³f¹¤k\u^bcpxu^{b(j^{wxk{µ|~p6`cbcwxnqrsbawslqtp6+ba~u}?ps£u^b{wuw3Ç{p ¼ lqkrlmku^{b·|~}|~ub(` t(wxk»Jbcz+|~bL<up?`cplm£¨}\lmu|t(pskHupsn	Ç{p ¼ ³ Ï |ow?t(psk{|baHzbak{tb6µu^b{pApx£p6nmlqr6wxulqpsk{|fb(k{|zlmk{r¯u^b?tp6batukbL||px£v|z{t)^ w<|}|ub(` ¼ lmnqnbL6z{lmbXw<t(ps`lmk+wulqpskWps£JpApsnqbawskwsk{3wsnmr6b()wxlyt¤bLws|psklqkr{³
½¾kXu^ly|{wxJb(Lµ ¼ b"tp6k{|~lybau^{b¤ps{nmba`Ñpx£%tp6`flqklqkrps`!wxlqk3|+bLtlm¬+t¤bLws|psklqkrlqk¥÷baHz{w©ulmp6k{wxn§«1u^{b(pslqba| ¼ lmu^¯JpApsnqbawxk`!wxklqznywulmp6k{|a³:¯p6bobat(lq|b(nq}sµ ¼ bbL|t(lqJbo^p ¼ up!b±²batulqsb(nq}t)^{bat)¸u^bjzk{|wulq|~¬+wx{lmnql°u}ªps£1¥¨r6p6zk{{« £¨ps`fznywxb ¼ l°u^3wxlmu)wx}fJpApsnqbawxk3|uz{tuzbvlqk·u^bjbL|©bak{tb"ps£wc{w6t)¸Hr6p6zk{ªu^b(p6}6µba|b(kHubLXA}3w¬{k{l°ub|~b(ups£¥÷baHz{wxulqpsk{wsny«tnywxz+|~bL|(³
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½¾k[8 Ï v6d>­µ6w"z{kl°£¨p6` `ªbu^{pApsnqpsrs}upz{lmnyª|wxuly|¬+wslqnmlmu}fptbLzba|	£¨psNbaHz{wulmp6k{wxnAu^b(p6lqba|
+ws|ba"psku^b1b ¼ lmulqkrvwsp6wst)^"ly|%{p6+pH|~bL³ Ï |wxuly|¬+wslqnmlmu}¤{ptbLzbly|#wskwxnqrspslmu^` ¼ ^lyt)^ly|jt(wx+wxnqbfps£Nt)^bat)¸Alqkr ¼ ^b(u^bajw3tp6kzk{tulqpsk¥Twxny|~p ¼ lmu~ub(kw6|¤w3|~b(u)«\8px£1rspszk{?nqlmub()wxny|¤lq||wulq|~¬+wsnmb ¼ ³ a³ ua³w?tba~u)wxlqk¥÷baHz{wulmp6k{wxn§«vu^baps}^] ¥ ¼ bªwsnq|p?|wº}?u^{wu_\ lq|`]o©)¥÷zk+«|wulq|~¬+wsnmbº«³]^{b3wx{pHwst)^Wps£8 Ï 6d">w6||z`ªba|fu^+wucu^b3u^baps}a] t(wsk +b?wÅlqps`!wulmÃabaWA}Ww¯¬+kl°ub|bu
bEced ]_f"ps£"¥÷baHz{wulmp6k{wxn§«jtnywxz{|ba|a³g:\wskH}zlyHzl°upsz{|ou^bapslmbL|o|wxuly|£¨}<u^ly|obaHzlqba`cbakHuo|z{t)^Wws|
u^bu^baps}Wpx£jnmly|u)|(µwxwº}|aµwxk{¿u^{b(lqªt(ps`lmk+wulqpsk%³¿½¾ku^b¯b ¼ l°ulmk{rwx{pHwst)^µ1w|wulq|~¬+w©{lmnql°u}pAt(baz{b£¨psg] ws`ªpszkHu|cup®u^b¯b(Å^{wxz{|~ulqsb¯wsnqlqtawulqpsk8ps£¤u^b¯lmk£¨b(b(k{t(b¯znqba|ªps£"w
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zk{tulqpsk{|a³n6psfbÅwx`ªnqbsµt)^bat)¸Alqkr ¼ ^b(u^ba bpojq ¥ ¼ ^bab b wxk{ qwsbctp6kzk{tulqpsk{|¤px£Nr6p6zk{¯nqlmub()wxny|)«ly|]o©­|wulq|~¬+wx{nmbbLz{tbL|up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ps£ b ps q ³ Ï nmu^p6zrs^ |wulq|~£÷wstup6}\lqkWu^b(p6}6µ%u^b!ubLt)^klyHzb·ly|kpsufAlqwsnmbXlmkW)wstulytb6³½­ulq|
¼ b(nqnm©D¸Akp ¼ k3u^{wxuvuwsk{|£¨p6`ªlqkr!wª£¨ps`fz{nqwªlqkHup·lmu|¤Â¤G6¦tawxk\tawxz{|bwxk¯b(ÅAJpsk{b(kHulywxn{nmp ¼ ©­z¯lqk|lqÃ(bs³]^bjnqp ¼ ©Dz!ptatz)|lqkX`!wxkA}csbalm¬+t(wxulqpsk!b(±Jp6~u ¼ ^b(bvtp6`ªnmb(Å·tpskHup6n{{ws~uNps£%wf|}|ub(`ly|otp6`ª{wstunq}<|~Jbat(l°¬+ba»A}\z{|lmkr?kbL|uba»tp6k{lmulqpsk{wsn bÅba||~lqpsk{|ª¥Twxny|~p¯t(wsnmnqbalmuba|aµ£¨p6|~^p6~u«³
¹¤k\u^bcpxu^b(j^{wxk+µÁÂ¤Âj|"wxbfw3t(ps`ª{w6tuj{wuw3|uz+tuz{bfupXbak{tpb£¨ps`fz{nqwsb ¼ l°u^t(ps`ªnqbÅJpApsnqbawsk<|uz+tuz{b ¼ ^lqt)^tps`ª`ªpsk{nm}¯wxly|~blmksb(lm¬+t(wxulqpsk¯b±²psu|a³"½¾k<|z`ª`ªws}6µ²psz"wx{pHwst)^t(psk{|ly|u)|¤lqk®z{|lmkr¯ÁÂjÂ¤|"up?babL|~bakHu"wsk{|nql°uo£¨p6`znywxbclmkHup¯|lm`ªnqb(|z©D£¨ps`fz{nqwsbsµ|p3u^{wu
u^b(}t(wsk3Jb|~z+t(tbL||~£¨znqnm}Xpt(ba||~bL·A}X|~uwub©­px£§©Du^b(©­ws~u|wuz{wxulqpskX{p6b()|(³
,)  " /`U    ½¾k AbLtulqpsk\dµ ¼ bop6b(Almb ¼ u^bob ¼ lmulqkr·wx{pHwst)^·up!zlqnqptbLzba|upbatlybvu^b"|wxuly|¬Jwxlqnmlmu}ªpsnqb(`px£	tpskxzk{tulmp6k{|1px£%r6p6zk{ªnql°ub()wxny|¤¥Tt£³ 8 Ï Hd>¨«³½¾k AbLtulmp6k
{µ ¼ bcbÅnywxlqk<p6zowx{pHwst)^?up¯taws|b©¾|~nqlmu¤psk<u^bªJpApsnqbawxk»|uz+tuz{bcpx£w·£¨p6`znqw®A}¯z{|lmkrÁÂjÂ¤|lqk ps)b(up\r6b(kbawxub!pApx£psnqlqr6wulmp6k{| ¼ ^pH|~bXzk{|wuly|~¬+wxlqnql°u}»lm`ªnqlqba|fu^b3ºwsnmlylmu}ps£
#³ ½¾k Abatulqpsk8{µ ¼ b¯bL|t(lqJb?|ps`ªb?bÅJb(lm`ªbak6u)| ¼ l°u^ w{psupxu}AJb3lq`ªnqb(`ªb(kHuwxulqpsk¦px£"pszubat)^k{lqHzb6³	½¾k AbLtulqpsk[<µ ¼ b"lq|tz{||Nu^bowxnmubak+wulqsbjwx{pHwst)^bL| upcu^b¤{p6nmba`ètp6k{|~lybabL·lqku^ly|{wxJb(L³%Ä»bpsJp6|b1|ps`ªbt(psk{t(nmz+|~lqpsk{|wsk{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Á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u^b"£¨p6`ªbawsk{rsp ¼ lqk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b(u^{|(µsu^b¤|~lmuz{wxulqpskclq|`cp6bt(ps`ªnqbÅ|lqk{tb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u^{b(ps}px£baHz{wsnmlmu}lq|jtp6`flqkba ¼ lmu^Á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